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This letter describes the design, fabrication, and experimental results of a micro solid polymer dye
laser designed on the basis of a guided mode resonant grating GMRG. The resonant condition of
GMRG includes the second-order resonance of the distributed feedback cavity. A surface laser
emission was obtained in a patterned region by the pulsed-laser pumping. The grating was fabricated
by the electron beam lithography and the fast atom beam etching. Dye rhodamine 6G-doped
polymethylmethacrylate was spin-coated on the grating. The laser oscillation occurred in the
direction vertical to the grating plane with a sharp peak Q-value 1271 in a single mode designed
by the GMRG analysis. © 2005 American Institute of Physics. DOI: 10.1063/1.2081116There is extensive interest in the development of micro
total analysis systems micro-TAS for the integration of sev-
eral chemical and biological processes on microchips.1 Op-
tical tools for the microsystems are also indispensable. Since
the dye laser has been widely used for biological applica-
tions, miniaturization of the dye laser is also important for
microsystems. Some solid-state micro dye lasers have been
proposed in recent years.2–6 However, only a few reports on
a surface emitting micro dye laser have been reported after
the first report of the second-order distributed feedback
DFB dye laser.7 For application to micro-TAS, a surface
emitting laser is more useful because of the stacked substrate
structure.
On the other hand, guided mode resonant grating
GMRG similar to the DFB structure has been studied in-
tensively in recent years.8–11 The wavelength of the light
impinging on the grating is selected by a resonance of the
waveguide grating, and the light impinging on the grating is
reflected back in the vertical direction. Since the resonances
of the GMRG include those of the second-order DFB cavity,
the analysis for GMRG is useful for designing and charac-
terizing the cavity conditions of the second-order DFB dye
laser.
In this letter, based on the analysis for GMRG, a solid
polymer dye laser with a patterned surface emission is pro-
posed. A single-mode vertical laser emission with a Q-value
of 1271 was obtained in the patterned region of about
200 m2.
Figure 1a shows the calculated model of GMRG. In
order to obtain a narrow single-mode response in GMRG,
the thickness and depth of the grating have been optimized
by numerical calculation using rigorous coupled-wave analy-
sis RCWA. The grating is composed of 700 nm thick wave-
guide layer and 200 nm thick grating layer on a glass sub-
strate. Polymethylmethacrylate PMMA is used as a
waveguide layer. The refractive index of the PMMA layer is
1.49 and that of the glass substrate is 1.45. Figure 1b shows
the reflectance calculated as a function of the wavelength
when the grating period is 410 nm without dye molecules
under the condition of TE polarized incident light. A peak of
reflectance is obtained at a wavelength of 602 nm with a
Q-value of about 4000. Multiple reflections and resonance
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designed sharp wavelength selection of the GMRG is applied
to the laser cavity.
PMMA was selected as the polymer matrix because of
the solubility of the dye solution in PMMA as well as the
low absorption at the wavelength for activating the dye mol-
ecule. First, the glass substrate was spin-coated with electron
beam EB resist ZEP520 ZEON CO. and patterned to
form gratings with EB lithography. Next, the patterned glass
substrate was etched about 200 nm deep by a fast atom beam
generated from SF6 plasma. Finally the dye-doped PMMA
solution was spin-coated and baked at 80 °C for about 4 h.
The solution was a mixture of rhodamine 6G perchlorate
4.010−5 mol, PMMA 2 g, chlorobenzene 9 ml,
methylisobutylketone 9 ml, and ethanol 2 ml. We fabri-
cated GMRGs containing the dye molecules with the periods
from 390 to 440 nm. The regions of the gratings were
around 200200 m2. The pumping power was varied from
1.0 to 40 mJ/cm2. Generally, since the deterioration of laser
FIG. 1. a Calculation model of GMRG. b Reflectance of GMRG as a
function of wavelength.
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placeable. In the proposed process, the solid dye layer can be
easily fabricated repeatedly by spin-coating on the same
glass substrate after removing the layer.
Since an absorption peak wavelength of rhodamine 6G
was about 535 nm, the second-harmonic light 532 nm of
Nd:YAG laser with 10 ns pulse duration at 10 Hz repetition
rate was used for pumping the sample. The incident angle of
pumping laser beam was about 45° against the substrate.
Since the pumping light is not resonant with the grating, the
laser excitation efficiency decreases monotonically according
to the Fresnel reflection law with the decrease of the pump-
ing beam angle. We observed a bright emission from GMRG.
Figure 2 shows the photograph of the laser emission red,
605.2 nm from the grating region 410 nm period, which is
patterned in the alphabetical characters. The sizes of the two
alphabetical characters are about 200 m. The laser oscilla-
tion is observed only in the grating region.
The emission from the grating was measured with a
spectrometer having 0.3 nm resolution HR2000, Ocean Op-
tics. Figure 3 shows the spectra measured at 19.1 mJ/cm2
pumping energy as a function of the wavelength, with grat-
ing period as a parameter. For the GMRGs with periods of
390, 400, 410, and 420 nm, the laser oscillations in the single
modes are observed at 577.5, 591.3, 605.2, and 619.2 nm,
respectively. The Q-value for each peak is approximately
1000. The spectral width of the laser output was measured to
be 0.55–0.60 nm, which was nearly limited by the spectrom-
eter resolution. Figure 4 shows the oscillation wavelength as
a function of the grating period. The laser oscillation wave-
length is proportional to the grating period and the experi-
mental results agree well with the values calculated by
RCWA. When the PMMA was doped with rhodamine 6G,
the refractive index of the dye-doped PMMA tended to
FIG. 2. A laser emission from the GMRG in a patterned region.
FIG. 3. Spectra of fabricated laser as a function of wavelength with grating
2period as a parameter. The pumping energy is 19.7 mJ/cm .
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doped PMMA was assumed to be 1.5 in the calculation. The
spectra were measured with varying the optical pumping en-
ergy density per pulse from 1 to 40 mJ/cm2. The threshold
pumping power was about 3 mJ/cm2 for gratings with 390
and 420 nm periods, which corresponded to the laser oscil-
lations at 577.5, and 619.3 nm, respectively. The threshold
value of the fabricated laser was three times larger than the
edge emitting DFB dye laser4 and was three times smaller
than the hexagonal micro dye laser.2 Furthermore, the laser
emission intensity was measured with increasing the obser-
vation angle. The laser emission intensity decreased rapidly
when the observation angle increased by ±5° from the nor-
mal to the substrate. This fact also confirmed the vertical
emission of the fabricated laser. The light wave resonating in
the waveguide layer is diffracted and connects to the plane
wave leaving vertically from the grating surface as the
second-order DFB mode. The polarization of the laser light
was measured by inserting a polarizer in the measurement
system. The laser light was totally polarized in the TE mode,
where the electric field was parallel to the lines of the grat-
ing. In the case of TM mode, it was calculated from the
RCWA analysis that there is no resonant mode in the wave-
length region used in this experiment.
Solid polymer dye laser was fabricated on the basis of
GMRG analysis. Dye-doped PMMA solution was spin-
coated on the silica glass substrate on which the grating pat-
tern was etched. A surface emission was obtained in a pat-
terned region of GMRG. The wavelength of the laser
emission agreed well with that designed for the GMRG.
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